This paper describes a comprehensive humanitarian assessment tool designed and used following the January 2010 Haiti earthquake. The tool was developed under Joint Task Force -Haiti coordination using indicators of humanitarian needs to support decision making by the United States Government, agencies of the United Nations, and various non-governmental organizations. A set of questions and data collection methodology were developed by a collaborative process involving a broad segment of the Haiti humanitarian relief community and used to conduct surveys in internally displaced person settlements and surrounding communities for a four-month period starting on 15 March 2010. Key considerations in the development of the assessment tool and data collection methodology, representative analysis results, and observations from the operational use of the tool for decision making are reported. The paper concludes with lessons learned and recommendations for design and use of similar tools in the future.
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Introduction
On 12 January 2010, a magnitude 7.0 earthquake 25km west of Port-au-Prince, Haiti resulted in a catastrophic disaster in which more than 220,000 people died, 300,000 were injured and 2.3 million were displaced. [1, 2] 188,000 houses collapsed or were badly damaged, and 105,000 houses were completely destroyed. [3] The United States Agency for International Development (USAID) was charged by U.S. President Barack Obama to lead the U.S. government's (USG's) inter-agency response to the crisis. In the six months following the earthquake, the USG contributed more than $1.1 billion in humanitarian assistance. [4] Elements of the U.S. Department of Defense (DoD) began arriving in Haiti under U.S. Southern Command (SOUTHCOM) leadership to provide assistance on 13 January. By 14 January, Headquarters, Joint Task Force -Haiti (JTF-Haiti) was established as part of the SOUTHCOM-led Operation Unified Response (OUR) to conduct humanitarian assistance and disaster relief in support of USAID and non-governmental organizations (NGOs). The goals of OUR were to mitigate suffering and save lives. At its peak, JTF-Haiti controlled 22,268 personnel both on the ground and off shore, distributing more than 36 million pounds of relief, including 2.6 million liters of water, 2.9 million ration packages, 17 million pounds of bulk food and 2.7 million meals-ready-to-eat. The Haiti earthquake response was the largest disaster response mission in modern U.S. military history. [5] Haiti was already one of the world's poorest countries prior to the earthquake: estimates indicate that it produced less than half of its food needs; it had an unemployment rate of 70-80%; almost half of all Haitians did not have sustainable access to potable water; and 54% of Haitians lived on less than $1/day. [6] Prior to the earthquake, the international community had been providing support of various types. For example, the United Nations Stabilization Mission in Haiti (MINUSTAH) had been working since 2004 to ensure a "secure and stable" environment [7] , deploying up to 9,151 personnel on the ground in Haiti. [8] Additionally, an array of NGOs provided a variety of humanitarian support -estimates of the number of NGOs working in Haiti range from 3,000 to 10,000 before the earthquake. [9] Many of these resident NGOs strengthened their efforts after the earthquake, even as other "surge" NGOs arrived and began to provide support. After the earthquake, many of these NGOs were loosely coordinated with assistance from the United Nations Office for the Coordination of Humanitarian Affairs (UN OCHA) into a "cluster" system to help coordinate the response of the international relief organizations. [10] JTF-Haiti and USAID thus formed part of a larger system of organizations working to provide humanitarian support to the people of Haiti. With so many disparate actors and no central governing entity, coordination was a challenge, as each organization sought to use its own efforts to best effect. Presumably, a common view of the need for humanitarian resources could help such a coalition coordinate their activities, permitting a unity of effort in the absence of a unity of command. This paper details an attempt to create such a common view of the humanitarian needs in Haiti for several months after the earthquake.
Assessing the Need for Humanitarian Resources
The JTF's main mission was to provide humanitarian support to the people of Haiti. [11] Humanitarian support takes many forms. At root it is a resource allocation process that seeks to direct services as health care or supplies, i.e., shelter and water, efficiently and effectively. Data on the ongoing needs for these supplies and services among disaster victims are necessary for making good resource allocation decisions and for assessing the effectiveness of humanitarian support efforts. However, such data are challenging to gather, analyze, and distribute during a massive disaster response.
JTF-Haiti had access to many sources of data indicating the quantities of humanitarian supplies arriving and being delivered within the country. Mainly, these data indicated the supply of humanitarian relief available across various sectors (food, water, sanitation, hygiene, shelter, health, security, etc.), and these data were provided to the JTF leadership via situation reports sent by its elements (e.g., the 22 nd and 24 th Marine Expeditionary Units and the 2 nd Brigade, 82 nd Airborne Division), by other parts of the USG (e.g., USAID), by agencies of the United Nations, and by many of the NGOs.
On the other hand, the JTF had less information regarding the demand for humanitarian resources among the earthquake victims across these same sectors in a context that would facilitate the targeting of resources to those that were in most urgent need. Figure 1 shows a notional model for comparing the elements of supply vs. demand, e.g., this could be a comparison of the supply and demand for potable water in a particular part of Haiti impacted by the earthquake at a particular instant in time. In this notional comparison, various sources of supply are depicted on the left, e.g., the supply provided by the people of Haiti, the supply provided by the Government of Haiti, the supply provided by the various NGOs, the supply provided by the agencies of the United Nations, and the supply provided by foreign governments. The demand for the particular resource (e.g., potable water in a particular region) is shown on the right. In this notional example, supply exceeds demand. One would expect that the supply vs. demand comparisons would vary with resource type (e.g., water, food, shelter, etc.), location within the disaster area (e.g., some areas might be better served than others), and time (e.g., as the emergency subsides, perhaps supply begins to "catch up" with demand). Presumably, the host nation government (the Government of Haiti (GOH) in this case), the USG, other governments, the UN agencies and NGOs could use these types of comparisons to direct resources to the most critically needed areas and also to determine when their support was no longer needed. Figure 2 shows how understanding the supply and demand for humanitarian resources enables better decisions and actions, using the OODA loop model (observe, orient, decide and act) [12] as applied to a disaster response operation.
Ideally, decision makers in humanitarian response efforts would have access to decision support tools and data permitting them to compare supply to demand for all resources types, for all parts of the disaster area, for various time intervals (past, current and near-future). These tools and data would be a key input to their resource procurement and allocation decisions, permitting effective and efficient direction of finite humanitarian aid. To help inform its own decisions and the decisions of the international relief community, the JTF sponsored a comprehensive, continuous data collection and analysis effort that would ultimately measure the current needs for humanitarian resources at sites inhabited by displaced persons on a weekly basis for several months following the earthquake. This effort was intended to serve as an important input to the OODA loop (serving as "observe" and "orient" functions), thereby informing the decisions and aiding in the assessment of action impact across the humanitarian community.
Designing the Assessment Tool
In planning a humanitarian needs assessment of this type, JTF-Haiti faced a number of design trade-offs. Figure 3 shows part of the trade-space. The key challenge was that the data were required urgently: a better assessment could be produced by spending more time designing its elements and verifying its results, but the data were needed faster to inform urgent actions to provide relief to those in need. Some of the specific trade-offs made in the design of the assessment tool are detailed below.
Coordination: To ensure that the data collection and analysis results would be most useful to the GOH and USG civilian relief organizations as well as the international community (United Nations agencies, NGOs, etc.), the JTF asked a small team of university-affiliated researchers to collaborate with these relief organizations to develop an assessment tool to be used for collecting the humanitarian needs data. This team was tasked to define a set of indicators, create a set of questionnaires, and establish a collection methodology that would inform the broad international relief effort. Within six weeks, initial drafts of the humanitarian indicators, questionnaires, and collection methodology had been drafted and widely circulated for comment, and within eight weeks (i.e., two months after the earthquake) a contract had been awarded by the DoD for execution of the collection/analysis effort as defined by the multinational team, and sustained data collection and analysis had begun. While a unilateral JTF-led design effort would have permitted the data collection to begin with shorter delay, the JTF believed that a collaborative design approach led by university-affiliated researchers and including many elements of the international relief effort would lead to a better product that was more likely to be accepted by all. The JTF also believed that this approach would provide a template that could be used in future disaster recovery efforts. Indicators and Questions: "Indicators" are numbers or statements that help measure, simplify, and communicate changes and impact. [13] An example of an indicator is the quantity of water used per person in a household for cooking, drinking and washing. "Questions" are used to elicit indicator values, often indirectly, e.g., "How much water on average do you and your household have to use in a day now for cooking, bathing and drinking" and "How many people are in the household with you?" are questions to which the answers can be used to compute the "quantity of water per person per day" indicator. Indicators and questions were developed for multiple topic areas, including health, child health, food, water, sanitation, hygiene, shelter, security, education, protection, early response, early recovery, and top priorities. The assessment tool developed under JTF coordination contained 61 questions to be asked of displaced person households, 40 questions to be asked of "key informants" (camp leaders, mayors of communities, etc.), and 18 questions to be asked in health facilities. Indicators and questions were drawn from international standards for emergency aid in post-disaster settings [14] and adapted specifically for this disaster in Haiti, i.e., the questions were written in Haitian Creole and were phrased in a way that made sense for the context. For example, because displaced people would likely respond to a question about water quantity in terms of the usual vessels used for carrying water in Haiti -a gwo bokit ("big bucket") holds approximately 15L vs. a galon (a small container) that holds 3.8L -the questions were asked and answers were recorded that way, e.g., the interviewer would ask Ki kantite dlo ou menm ak moun nan kay la itilize chak jou pou kwit manje, pou w bwè, ak benyen? ("How much water do you and your household use in a day for cooking, bathing and drinking?") and would then record the result as the number of big buckets, small containers, or liters, depending on how the householder responded. Other questions were also highly attuned to the situation in Haiti, e.g., the section on shelter included a number of questions related to house and land ownership that were Haiti-specific. Methodology: The assessment methodology dictates how data are to be collected and how collection sites are chosen; these decisions in turn determine how the data are analyzed and the types of conclusions that can be drawn. Random selection of respondents and collection sites enables more general conclusions than purposive selection of specific sites; however, purposive sampling can be targeted toward specific problem areas and requires less data up-front. This assessment was designed to include both random and purposive sampling. The plan was to perform mainly random sampling of internally displaced persons (IDPs) in Port-au-Prince (i.e., a random selection of settlements and random selection of households within settlements) and purposive sampling in earthquake-affected IDP settlements in other areas of Haiti (i.e., a non-random selection of settlements but with random selection of households within the settlements). Additional purposive samples were to be taken where settlement sites were particularly at risk and where large numbers of IDPs were believed to have moved as a result of the earthquake. Finally, late-notice sites selected based on emergent information were to be included. A total of 12 teams (three interviewers per team) each visited one site per day, six days per week -72 sites total per week. At each site, the team interviewed a key informant, an official at a local health center, and as many individual households as possible (typically 15-20 per site). While the methodology design called for a mix of random and purposive site selection, in practice only purposive site selection was used because the required data on the total population of settlement sites, which would have been required to permit truly random sampling, could not be obtained in time. Data release and analysis: JTF-Haiti mandated that the data and analysis be made available to the international relief community immediately. Plans were made to release raw data within 24 hours of collection, with analysis to follow as soon as possible thereafter. This fast timeline for data release was implemented in practice, though the speed required permitted little data cleansing or error correction.
Other approaches are possible, e.g., a very rapid assessment using the pre-existing, standard "Initial Rapid Assessment" (IRA) tool was conducted under UN OCHA sponsorship within a few weeks after the earthquake. Because the OCHA-sponsored assessment was limited by time pressure and other constraints (e.g., the questions were not translated to Creole, there was limited time to tune the questions to the situation of post-earthquake Haiti, etc.), those results need to be interpreted with caution. [15] Other continuing, comprehensive assessments of areas stricken by disasters have been designed and performed. [16] Additionally, multi-cluster assessments have been quickly devised and implemented after disasters. [17] To the best knowledge of the authors, this effort in Haiti was the first continuous, cross-sector assessment to be designed and implemented so quickly after such a large disaster by a coalition of government (civilian and military), UN, and NGO collaborators.
Project Roles and Responsibilities
As already noted, JTF-Haiti sought to collect and distribute humanitarian needs data to help inform the organizations providing humanitarian relief in Haiti, particularly USAID, the United Nations agencies, and the NGOs. The JTF wished to ensure that the data and analysis would be maximally useful to the international relief community and also sought to reduce the risk that either the data or the analysis would be seen as biased by the JTF or the DoD. With those goals in mind, the following project roles and responsibilities emerged:
Project oversight: U.S. Army civil affairs officers assigned to the JTF defined the need for humanitarian data and provided oversight for the entire process. Project management team: At the JTF's request, the team was managed in Haiti by MIT Lincoln Laboratory (MIT LL), a DoD federally-funded research and development center (FFRDC). FFRDCs are chartered to operate in the public interest with objectivity and independence. [18, 19] A partnership was formed between MIT LL and two other MIT entities with relevant subject matter expertise: the MIT Sloan School and the MIT Engineering Systems Division (ESD). Members of ESD joined the in-country team. Lead scientific advisor: The management team identified and recruited a volunteer lead scientific advisor who is a physician and research scientist, has worked in Haiti for many years, speaks the local languages, and is wellrespected in the Haitian medical community and among the NGOs. CONUS-based support team: A volunteer, continental United States (CONUS) based team consisting of scientists, engineers and physicians supported the Haiti-based management team. Members of the support team were drawn from other FFRDCs, universities, university-affiliated research centers, independent research laboratories, etc. to assist the management team mainly through the development of white papers. Indicator and questionnaire development: The scientific advisor took the lead in working with the international relief community to develop both the indicators and the questionnaire. She worked with OCHA and with each of the sector-specific cluster leads (or his/her designate) to identify the types of data that each cluster believed would inform its own decisions and the decisions of its members. She edited the questionnaire based on cluster input, making the necessary trade-off between the desire to collect as much data as possible vs. the need to keep the questionnaire a manageable size. Figure 4 is a photograph of a discussion led by the scientific advisor to discuss the assessment tool with OCHA representatives and the cluster leads. The questionnaire was pilot tested with native Haitian Creole speaking volunteers. 
Methodology development:
The project management team worked with representatives from the Pan-American Health Organization (PAHO) to develop the data collection methodology, which focused primarily on how sites would be selected for sampling and how households within those sites would be sampled for questioning. The methodology evolved significantly as additional data on sites became available and as implementation problems arose. As data collection continued, the project management team guided the methodology evolution. Data collection and analysis: The DoD wrote and issued a "request for quotations" (RFQ) that was circulated to qualified firms. The RFQ defined the task of data collection and analysis (referencing the questionnaire and methodology documents, among others). Firms were invited to submit bids to perform the data collection and analysis work, and the DoD ultimately selected Global Relief Technologies (GRT). GRT recruited a team of almost 40 native Haitian interviewers who visited sites, identified respondents, asked the questions in the questionnaire, and recorded results in handheld computers. GRT also analyzed the results and made both their analysis and the underlying raw data available to the international community via their Internet web site. Assessment and communication: The management team and scientific advisor with help from the JTF reviewed the data and preliminary analysis provided by GRT on a weekly basis, developed its own independent assessment of the results (using the GRT data and other data made available to it by the JTF and by the international community), and reported the results to USG inter-agency leadership, to U.S. embassy leadership, to JTF leadership, to USAID and other parts of the USG, and to the various international relief organizations (the clusters, UN OCHA, the Coordinating Support Committee, and the NGOs). These results primarily were communicated via PowerPoint briefings.
Results
GRT began collecting data on 15 March 2010, and their data collection continued until 2 May 2010. ** More than 10,000 households were surveyed during that time. Figure 5 shows a photograph of a household interview. During the seven weeks of collection, raw data were uploaded to GRT's Internet web portal daily, and both raw data and analysis products could be (and were) downloaded by international relief organizations. ** USAID funded GRT to extend the data collection and analysis for a subsequent two-month period. That effort started on 17 May 2010 and concluded on 10 July 2010. Two major types of analyses were computed from the raw data and presented to responders: (1) information on the situation in particular camps, which enabled identification of specific problems in specific places; and (2) summaries of data across all the camps visited during the survey. The latter analyses provide average statistics for the camps visited, but because the sampling was purposive rather than random, one cannot conclude that these averages represent the situation in camps in general. Several examples of summary analyses, which were presented to responders in early May, are shown below. Figure 6 shows the fraction of displaced people with access to at least 15L of water per day as a function of the location. The 15L baseline is the minimum recommended by the Sphere Project, which defines minimum standards for disaster response. [ 20 ] The data show that the fraction of people with access to the minimum standard recommended by the Sphere Project was well below 100%. In fact, it was below 50% in some places. Figure 7 shows how the fraction of people with access to a waterproof shelter varies as a function of whether the site in which they are living is being actively managed by an NGO or not. In this particular case, the data indicate that residents of sites that are actively managed by NGOs have better access to water-proof shelters. Fig. 7 . Results indicating that residents of sites that are actively managed by NGOs have better access to water-proof shelters vs. residents of sites that are not actively managed. Error bars indicate 95% confidence intervals. Figure 8 shows how food insecurity as measured by the Coping Strategy Index [21] (CSI) varied with time for displaced people in Port-au-Prince. In general, the results show that the CSI did not vary appreciably in this particular seven-week period. The survey responses also permit correlation of data from households with data from key informants. For example, a key informant report that latrines had recently been provided to a camp was shown to be correlated with a change in the fraction of households reporting availability of latrines. In this particular case, the fraction of households reporting access to latrines rose from 15% to 82%.
A complete treatment of the results of the data collection/analysis effort is beyond the scope of this paper -a comprehensive assessment of the results will be reported in a companion paper. 
Lessons Learned
Key lessons learned during the process of planning and executing the data collection and analysis are listed below:
Tactical use of the data and analysis was limited. The JTF had hoped that the data collection and analysis would influence real-time decision making by the Government of Haiti, the international community and USG relief organizations. For example, when the water trend data showed that as many as half of all displaced persons did not have access to at least 15L of water per day and that the situation was not improving, an appeal was indeed made to the Government of Haiti to delay its plans to end the free distribution of water. Except for a few such instances, however, this assessment effort was unable to provide actionable results useful for tactical decision-making. While the indicators, questionnaire and methodology had been conceived and thoroughly vetted by the community, the community was mostly unable to consume the real-time raw data. Effective coupling of the periodic release of analysis results into the decision cycles of each of the major relief organizations was not adequately planned. The decision cycles of major relief organizations were not necessarily known outside of each organization.
Retrospective use of the data and analysis is more likely. It seems more likely that the data and analysis will prove useful to those conducting "after action" assessments of the relief effort. For example, the results show that in many cases, residents of formally-managed camps had better access to humanitarian resources than residents of unmanaged camps, suggesting that efforts should be made in future massive disasters to assign formal managers to all camps. A number of the assessment shelter questions provide information on housing and land ownership of the IDPs that should be useful for developing strategies for permanent housing of the IDPs. Both the raw data and analysis have been made available to the UN OCHA, various NGOs and the USAID-led USG inter-agency after action review.
Tailoring the assessment tool is important. Tailoring the assessment tool to Haiti proved to be difficult but important, and it avoided some of the issues identified in the earlier IRA effort. However, the processes of working with the clusters to ensure a collaborative approach for identification of indicators of interest, creating and translating the questions, and loading the questions into the handheld computers all resulted in delay in initiation of data collection. In this particular case, the delay associated with tool development was not the only factor in the delay in commencing the assessment, because the questionnaire and methodology development was completed within a week of the GRT contract award -in a sense, it was ready "just in time"; nonetheless, it would have been helpful to have had a set of indicators and a representative set of questions tuned to Haiti that were already agreed-upon by major relief organizations (and, by extension, other locations likely to be impacted by massive disasters) available in advance. It would also have been helpful for DoD to have had a contractual vehicle in place in advance for conducting surveys and analyzing results. The indicators, questionnaires and methodology should be flexible. The indicators and questionnaire were held fixed for the entire two-month assessment period despite the fact that, in some cases, the needs of decision makers might have been better met by modifying the tool. Formal procedures for considering and approving changes to the indicators, questionnaire and methodology could have been defined and followed to introduce more flexibility in content over the two month period. The methodology, on the other hand, changed over the course of data collection. The approach for randomly selecting sites to be surveyed was quickly abandoned when it became clear that random site selection was (1) difficult or impossible to achieve in the absence of reliable data on site populations; and (2) unlikely to satisfy either the JTF or the international community who were interested in targeting specific sites that were emerging for various reasons as "priority sites." In practice, site selection was 100% purposive. Selection of households within sites was random though its implementation deviated from the plan for reasons of practicality and safety. The number of households surveyed per site remained fixed, despite the fact that decision makers might have preferred a survey of fewer sites with more households surveyed per site (thereby reducing uncertainty in the results). If quickly assessing a subset of the humanitarian needs had been particularly important, a smaller number of questions could have been used on some of the surveys thereby increasing the number of households surveyed per site. Other successful methodological changes were made (e.g., surveying only displaced persons rather than all residents in areas outside Port-au-Prince); the success of these changes reinforces the lesson that flexibility is important.
Obtaining international community participation takes effort but is critical. The JTF was successful in sponsoring the development of an assessment tool, assessment data and assessment analysis that was by-in-large accepted by the international relief organizations. Collaborating with the international community was challenging, however, because each organization has a unique set of objectives, sensitivities, priorities and timelines, because many had other sources of data to include in their decision-making processes, and because some civilian humanitarian organizations were reluctant to coordinate with a military-led assessment. The assessment team requires a variety of skills. The assessment team was largely composed "on the fly," beginning two weeks after the disaster, through a series of serendipitous communications and meetings and depended to no small degree on volunteerism. This team formation process was successful, but not ideal, and likely not repeatable in the "next" emergency. Having a university-based DoD FFRDC lead the effort provided a reasonable bridge between the JTF on the one-hand (who felt comfortable working with a DoD FFRDC, but who might not have been comfortable working with other types of university-affiliated teams) and the international community on the other-hand (who felt comfortable working with a university-affiliated team, but many of whom would have been reluctant or unable to work directly with the DoD). Identifying a scientific advisor with in-country experience and credibility was critical, and getting advice from epidemiologists who had significant disaster response and data collection experience was also very important. Contracting the raw data collection and preliminary analysis to an experienced firm was effective. Drawing on the resources of a CONUS-based support team was helpful, though keeping the CONUS team activities well aligned with the in-country team requirements proved difficult. Finally, JTF sponsorship, which included access to senior leaders, situational awareness information and logistical resources (in addition to financial resources) proved critical. Clearly, it would be useful to design and form such a team in advance of the next disaster, rather than depending on serendipity and the availability of such diverse personnel. A pre-disaster baseline would be useful, but will likely be unavailable. As described above, the humanitarian situation in Haiti was grim even before the earthquake. Because humanitarian assessments were not being executed before the disaster in a standardized, comprehensive, and quantitative way, it became impossible to do a meaningful "before vs. after" comparison. Diverse stakeholder goals complicate the indicator/questionnaire development. The lack of baseline quantitative data contributed to an inability to clearly separate disaster-related problems and progress from longer-term development problems and progress. Ideally, the indicators one would select for a survey would be dependent on whether the consumer of the survey outputs was providing short-term relief or long-term development aid. Disaster response and early recovery phases often overlap. This assessment was designed to focus on short-term relief, but was implemented during a transition from short-term to intermediate and longerterm aid. It might have been more useful had it included questions focused on long-term development aid.
Conclusions
An adaptable, cross-sector assessment tool was collaboratively developed and implemented in post-disaster Haiti. While its real-time tactical utility in the immediate emergency context proved to be limited, the resulting data and analysis should prove useful to those studying the efficacy of the overall relief effort. The collaborative approach, the specific set of indicators and questionnaire, and the lessons learned could help inform future disaster relief assessment efforts, in Haiti and elsewhere.
Based on our lessons learned, we recommend that: 1. Studies be conducted on how resource allocation decisions were made in initial phases of the Haiti humanitarian relief effort, specifically to determine the role that data from this assessment could or should have played in those decisions. 2. A humanitarian assessment tool that is both succinct and generic, and that has instructions for rapid adaptation rapidly after a disaster, be created. Ideally, the tool would be ready to use within one week after a disaster, including the time required for translation and adaptation to both the specific disaster and the local context.
